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INTRODUCTION .
The turbine is a machine by which the energy of a
moving fluid is transformed, producing a rotary motion.
The first steam turbine of which we have any record
was described by liero, an Egyptian philosopher, in his book on
** Pneumatics " written about 200 years B. C, He described this
turbine as consisting of a hollow sphere rotating on two trun-
nions, through one of which it received steam from a generator.
The sphere was provided with two hollow arms which projected in
opposite directions and at right angles to the axis of the trun-
nions, each of these arms being furnished with a nozzle at right
angles to its own axis and at right angles to the axis of the
trunnions. The steam which entered the sphere through the
hollow trunnion escaped from these nozzles, and the reaction due
to this escaping steam caused the sphere to rotate.
It was not until 1884, however, when Charles A.
Parsons invented his first steam turbine, a reaction turbine,
that this great class of prime movers really began its phenomenal
career of practical usefullness. Thus, the real development
of the turbine has covered a space of only twenty-five years, and
in that short time it has become recognized as the superior of
the steam engine in many lines of work, the most noteworthy of
which is probably the supplying of power to great electric power

plants.
With reference to the form of energy which is used
by them, turbines may be divided into two types;- the impulse
turbine, which uses the velocity energy of the steam, and the
reaction turbine which uses the pressure energy of the steam.
Turbines may also be divided into single stage, and multiple
stage turbines, depending upon whether or not the steam is ex-
panded in one or many sets of nozzles.
The Kerr Turbine ,
Considering the classifications named above the Kerr
is a multiple stage, impulse turbine which utilizes the principle
of the Pel ton water wheel; jets of steam issuing from nozzles
impinge on buckets in the turbine wheels and impart their vel-
ocity energy to the wheels. These buckets are of such shape
that the direction of the steam is nearly reversed in passing
through them, thus securing a very high efficiency in the trans-
formation of the velocity energy of the steam into mechanical
energy to be delivered at the shaft of the turbine. Bronze
bushings are used to prevent the leakage of steam from one stage
to another at the points where the shaft passes through the dia-
phragms and through the steam and exhaust ends. Reference to
the sectional view of the turbine. Pig, 1 Pg, 3 v/ill show, in
addition to these bushings, packing glands for soft ring packing
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at the steam and exhaust ends. Between the soft packing
glands and the metal glands is a chamber which receives the leak
age from the metal glands and discharges it through a pipe con-
nection to one of the low pressure stages of the turbine.
Fig. 1.

4.
DISK OR BUCKET WHEEL AND NOZZLES.
Pig, 2.
COMPLETE ROTOR
Fig. 3.
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The shell of the turbine is made up of two end
castings and rings between which are diaphragm castings, which
contain the nozzles, and divide the cylinder of the turbine into
separate stages. The end castings carry the weight of the
turbine and are provided with supports which are bolted to the
bed plate.
The nozzles are screwed into a nozzle body which is
riveted into the diaphragm casting.
The bucket wheels, one of which is shown in Fig. 2
,
are mounted on cast iron rings, and these are threaded on split
hubs which are fitted to the shaft and held in place by pin keys.
The governor, which is of the centrifugal type, is
mounted on the end of the shaft. The outward movement of the
weights compresses a spring and operates a balanced piston valve,
which throttles the steam supply. This throttling at light loads
tends to superheat the steam and thus reduce the windage loss.
The internal friction of a turbine depends so largely upon the
quality of the steam that this throttling insures a minimum
friction loss and thus, at light loads, the brake horse power
increases at about the same rat6 as the pressure increases. The
machine is lubricated by two ring-oiling, main bearings and a
pivot block provided with a grease cup on the governor. Since
there are no internal rubbing parts, the exhaust steam is free
from oil, and so may be used for any purpoae to which clean, low
pressure steam is adapted.
I
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The Kerr turbine is adapted to driving high- speed
machines, such as electric generators, centrifugal pumps, and
pressure blowers, direct connected. One great advantage of it
is that it can attain full speed from a stand still in less than
ten seconds. If necessary it may be started with full steam pres-
sure admitted to the cold turbine without danger.
Purpose of Tests.
The purpose of the tests herein described was to
determine the steam economy, the thermal efficiency, and the
potential efficiency of the 60 H. P. Kerr steam turbine in the
l-Iechanical Engineering Laboratory at the University of Illinois
running noncondensing with saturated steam at loads varying from
zero to the maximum, at the follovring steam pressures; 100 pounds,
115 pounds, 130 pounds, 140 pounds, and 150 pounds. The ultimate
object in viev; vms a comparison of the efficiencies and steam
economy of this turbine v/ith the efficiencies and steam economy
of the GO II. P. Ideal steam engine in the same laboratory running
under the same conditions.
Descrip tion .of Apparatus.
( 1. ) The Turbine.
The turbine tested is an 18 inch, 6 stage^ impulse
turbine built by the Kerr Turbine Company of Wellsville, Kev; York.

It is rated as a 60 B, H. P* machine runninpj nonccndensing on
saturated steam at 150 pounds pressure, A general view of the
turbine is shov/n in Fig. 4 pg, 8.
( 2, ) Auxiliary Apparatus,
The steam was condensed at atmospheric pressure, for
the purpose of weighing, by a V/heeler Surface Condenser, manufact-
ured by the Wheeler Condenser and Engineering Company, of New York.
The capacity of the condenser is 60 H. P. and it contains 225 sq.
ft. of cooling surface. The cooling v/ater is circulated by a
steam pump on the condenser. Leakage tests showed that when the
turbine was not running no water was discharged by the air pump,
though the air and circulating pumps continued to run, thus proving
that there was no condenser leakage.
A Prony brake, brake standard, and platform scales
were used in determining the B, li. P. , and platform scales were
also used for weighing the condensed steam from the condenser. These
scales were calibrated by comparison with standard test weights.
( 3. ) Instruments.
The following testing instruments v/ere used:-
Pressure Gages.
Thermometers.
Throttling Calorimeter.
Speed Counter.
All pressure gages and thermometers used were cal-
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ibrated by standard methods, calibration curves were plotted for
each, and the readings taken were corrected accordingly.
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Method of Conducting Tests
.
As stated above, tests were made at the following
steam pressures: 100 pounds, 115 pounds, loO pounds, 140 pounds,
and 150 pounds. At each of these pressures tests were made, in
so far as v;as possible, at zero load, one- fourth losd, one-half
load, three-fourths load and full load, V/ith one exception,— zero
load at 115 pounds,- all tests v/ere conducted for some?;hat more
than an hour, and readings were taken at five minute intervals.
From each test made the thirteen consecutive readings which proved
to be the most uniform in all respects were selected as furnishing
reliable data for one hour rim. Thus it appears that all conclusior,
hour
are arrived at from a series of tests of only one^yeach, though in
reality many of the tests lasted for two hours or more.
The following readings were taken by three observers:
Wt. of Condensed Steam.
Revolutions per I.linute.
Steam Main Pressure.
Steam Pressure in each Stage.
Calorimeter Temperature.
Exhaust Temperature.
Engine Room Temperature.
External Air Temperature.
Barometer.
All readings were corrected from calibration curves
before being transferred to data sheets.
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CAI.CULAT10N OF DATA.
The following data were calculated for each test
separately.
1. Brake Horse Power.
2. Quality of Steam Entering.
3. Steam Consumption per B. H. P. per hour.
4. Thermal Efficiency.
5. Potential Efficiency.
Sample calculation for the full load test using
150 pounds steam pressure in the main.
(1.) For brake horse power.
RIP- gVrR N W.u. ii.
- 33QQ0
Where R = the length of the brake arm in feet = 2.5 ft.
W = the net weight on the brake scales in pounds = 35.0
N = average R. P. M. of brake pulley = 35P1.
r> ir n - 2 X 3.142 X 2. 5 X 5591 x 35 _ po nn
33000
( 2. ) For average quality of steam.
X =
qi - ri - Cp( T3 - T^) - q
Where x = quality of entering steam.
q = heat required to raise the temperature of the water
from 32*^F. to the temperature corresponding to the
pressure of the entering steam = 337.14
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q^^ = heat required to raise the temperature of the water
from 32°F. to the boiling point corresopnding to
the atmospheric pressure. = 180.04
r = total heat of vaporization from and at the temperat-
ure corresponding to the pressure of the entering
steam. = 856.30
r-j^ = total Hieat of vaporization from and at the temper-
ature corresponding to the atmospheric pressure =
966.42
Cp = specific heat of steam at constant pressure. = 0.48
Tg = temperature of steam in calorimeter = 269.
Ta = temperature of steam from steam tables correspond-
ing to atmospheric pressure. = 211.6
_
180.04 f 966. 42 f .46(269 - 2 11.6)- 357.14 _„„
^ — . — = ,077
85G.30
( 5. ) For steam consumption per B. H. P. per hour.
^ B. H. P.*
Where x = the average quality cf the steam = .977
w = total weight of steam used per hour.= 2439 pounds.
W = the weight of dry steam used per B. 11. P. per hour.
W = 2439 X .977 = 4o.76 pounds.
58.7
Since there is considerable difference of opinion
as to the definitions of thermal efficiency and potential efficien-
cy we will give these definitions as interpreted for use in this
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thesis.
Thermal efficiency is the ratio of the heat equival-
ent of the work delivered by the machine to the difference bet-
ween the heat above 32^ furnished by the steam and the heat
above 32^ in the condensed. steam.
Potential efficiency is the ratio of the heat equiv-
alent of the work delivered by the machine to the heat which it
would consume by adiabatic expansion of the steam actually used.
E^t
2545
W ( Hi- q)
Ep 2545
( Hi - H2)W
\Yhere = thermal efficiency.
= potential efficiency.
q = heat above 32^ in one pound of condensed
steam at atmospheric pressure.
Hi = total heat of one pound of the entering steam
quality considered.
H2 = total heat in one pound of the same steam after
adiabatic expansion to atmospheric pressure.
W = weight of moist steam used per B. H. P. per
hour.
Et
2545
_
~ (1177.17 - 180.04) X 41.55 '^'^^
1
2545
- (1177 - 1020 ) X 41.55 " '^^^
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CURVES.
On pages 20 to 24 , inclusive, are curves showing
steam pressure in the different stages of the turbine for the
various loads at each steam main pressure used on this series of
tests. The curves themselves have no value except in so far as
their smoothness indicates good design.
Reference to the points on the curves will show
that if absolute pressures are considered, the pressure in the
stage nearer the exhaust of any two successive stages never falls
below 57 percent of the pressure in the preceeding stage. Tliis
indicates that diverging nozzles between the successive stages are
not necessary, since it has been demonstrated by experiment that
the maximum pressure drop through the ordinary nozzle is 4 3 percent.
On pages 25 to 29
,
inclusive, are curves showing
the relation between the B. H. P. and the steam consumption in
pounds per B. H. P. per hour. It will be seen that for l/4
load and 1/2 load the steam consumption does not vary much with
the pressure, but that for the greater loads the trend of the curves
shows a reduction of steam consumption for the higher pressures,
as should be expected. It should be no ted, also , that for the
greater loads at a given pressure the steam consumption changes
but very little with the load.
On pages 30 to 34 , inclusive, are curves showing
the variation of the thermal efficiency with the B. K. P. for the
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different steam pressures. They indicate that the efficiency is
greater for the higher pressures, as should be expected. They
indicate ,also , that the efficiency is a maximum at about 50 B. H. P.
On pages 35 to 39 , inclusive, are curves showing
the variation of the potential efficiency with the B. H. P. for the
different steam pressures. These curves show greater efficiencies
for the higher steam pressures v/hen we consider the greater loads,
but they show that for smaller loads the reverse is true. They
also show that the maximum efficiency is reached at from 50 to
60 B. H. P. , and occurs at smaller loads for the lower steam pres-
sures than for the higher. The maximum efficiency is attained
at 58.7 H.P. and 150 pounds pressure.
CONCLUSION AS TO TURBINE..
C
This turbine was rated by the manufactures as 60
B. H. P. running noncondensing at 150 pounds steam pressure. It
was rated^moreover , to give a steam economy, under these condition
of 34 pounds per B. H. P. per hour rurjiing at full load and 44.5
pounds per B. H. P. per hour running at one-fourth load, and also,
to give a potential efficiency of 35 percent at full load. In
addition to this the manufacturers send out a curve showing a
point at 1/4 load for this machine.
As shown by the accompaning series of tests, the
turbine does not come up to its rating, either v/ith regard to
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power developed or with regard to steam economy. Its potential
efficiency, however, is greater than that at which it was rated.
The raaximum B. H. P. developed was 58 percent; the steam con-
one
sumption at this load was 40.7 pounds per B. H. P. and at ^ fourth
load was 66.5 pounds.per B. H. P.; and the potential efficiency
was 39.8 percent. The economy is fair for a unit of this size.
Moreover, for such a unit reliability is of greater importance
than economy, and in this respect the Kerr turbine is very good.
It has very few parts to wear out, and requires very little
attention after the oil reservoirs are filled.
It will be noticed that no zero load tests were
made for pressures above 115 pounds. The reason for this was
that the governor could not be set to keep the speed belov/
3800 R. P. M. ; the rated speed is 3600 R. P. I.!., and for speeds
greater than 3800 R. P. I.i. the governor became overheated. This
feature shows faulty design.
The reason that the rated B. H. P. could not be
that
developed is probably due to the fact /^he rating was based on a
wrong assumption by the manufacturers. In their rating of
GO B. H. P. at 150 pounds steam pressure they considered that
this pressure was to occur in the chamber for the entering steam,
rather than in the main steam line where pressure for rating
basis is ordinarily taken.
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COMPARISON OF THE. TURBINE WITH A 60 H.P. IDEAL HIGH SPEED ENGINE ,
.
Description of Engine.
The engine with which comparison is made is rated
to deliver 60 B. H. P. running noncondensing on 150 pounds steam
pressure at 200 R. P. M. It is a double-acting, slide-valve
engine, equipped with an inertia governor. The series of tests
of this engine, which furnished the data for comparison of its
operation with the operation of the turbine, was made by
L. Gardiner and W. W. Reece, both U. of 1. '09, and constituted
their thesis for the degree of B. S, For a complete description
of the engine, and discussion of the method of testing and data
and curves obtained their thesis, which bears the same title as
this , should be consulted.
Comparison of results obtained from turbine and engine
as shown by curves for steam consump tion
. potential ef-
ficiency^ and thermal efficiency .
( 1. ) Steam Consumption.
On pages 25 to 29
,
inclusive, are curves showing
the steam consumption of the engine at different loads and
pressures to the same ordinates as the corresponding curves for
the turbine. These curves show that in the turbine the steam
consumption for any given load does not vary much with the
pressure. But in the case of the engine the consumption is a
J
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minimum at 115 pounds pressure, and increases as the pressure
increases above this value. This state of affairs should not
exist, and the probable explanation for it is leaky valves.
For the lighter loads the turbine has a decided
advantage over the engine in its steam consumption. This ad-
vantage grows less, however, as the loads increase, and the
general trend of the curves indicates that the steam consumption
would be the same for the two machines a;t about 75 B, K. P. if
the turbine were capable of delivering that amount of power.
( 2. ) Thermal Efficiency.
The thermal efficiency of the turbine for any given
load does not vary much with changes of steam pressure. It in-
creases, however, with increase in load.
The thermal efficiency of the engine at low loads
is higher at a given load for the lower steam pressures. At
40 B. H. P. the efficiency ir^ about the same for all pressures.
At loads greater than 40 B. H. P. the thermal efficiency is
higher for the higher pressures.
The difference between the thermal efficiency of
the turbine and that of the engine decreases at all pressures
as the load increases. At 60B. h. P. the efficiencies of the
two machines are about the same.
( 3. ) Potential Efficiency.
The potential efficiency of the turbine is higher

18.
at low load for the lower steam pressures 'than for high steam
pressures. At 45 B, H. P. the efficiency is about the same
for all pressures. At loads greater than 45 B. H. P. the effici-
ency for any given load is higher at the higher pressures.
The same is true with respect to the potential
efficiency of the engine, except that it is about the same for
all pressures at 60 B. H. P. instead of at 45 B. H. P. as in the
case of the turbine.
The difference between the potential efficiency of
the turbine and that of the engine increases at all pressures as
the load increases, and the advantage in every instance is in
favor of the turbine.
ULTIMATE C0NCLU:.10K FROM COMPARl SON.
^0>_, „
It is clear from the above discussion that from the
stand point of economy in operation the steam turbine is the
superior of the steam engine. Moreover the turbine possesses
the additional advantage of requiring smaller floor space and
less expensive foundation. The single advantage of the engine
over thp turbine, as indicated by these tests, lies in the fact
that the engine was capable of developing l/4 overload, while the
turbine could hardily be made to develop its rated full load,
the
which fact is easily explained by^faulty basis that the turbine
manufacturers worked upon in assuming the specified steam pressure
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to obtain in the chamber of the entering steam rather than in
the main steam line.
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COMPARATIVE EFFICIENCIES
OF
HIGH SPEED STEAM ENGINES AND STEAM TURBINES
IN SMALL UNITS.
PRELIMINABY REMARKS.
In large units the relative effioienoy of the steam
engine and the turbine as prime movers is comparatively well
known, due to exhaustive tests under favorable conditions.
In the case of smaller units this relationship is not so well
established, and it is our purpose to determine which type,
running under varying conditions of load and pressure, or
under constant conditions, will give the best economical
results. In the case of the small units, in the neighborhood
of seventy-five horse power, the questions of floor space or
of initial cost are not so importaait, so in the long run it
is more a matter of reliability and economy of operation that
makes one decide as to the prime mover best fitted for certain
conditions. To obtain results bearing upon these questions
is the ultimate purpose of this thesis.
DESCRIPTION OF ENGINE.
The prime mover tested in this case was an Ideal
Engine rated at sixty horse power when running at 300 R.P.M.
This engine is raamjifactured by A, L. Ide & Sons, of Springfield,
Illinois, and is considered a good engine in its class. It
is fitted with a fly-wheel inertia governor which automatically
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cuts off steam supply or increases it, as the conditions call
for. The governor and valve rod is shown in photograph on
page 2.0,. Other details of the engine are:-
Horizontal
.
Size cylinder 10" x 10".
Slide valve.
Length of connecting rod 2*7".
Ratio of crank to connecting rod 1 to 6.
Diam.piston rod 1.5625".
Diam. fly wheel 4.55'.
Weight of fly wheel 800 lbs.
Velocity of rim 11.4 ft. per sec.
Splash lubrication.
OBJECT.
The purpose of this thesis is to obtain data from
which a series of curves may be plotted that will fully show
the relative performance of the steajn engine and turbine
working under the conditions of common practice. These com-
parisons are all to be made under the same conditions as to
loads sind pressures, so as to clearly point out the advantages,
and points of advantage, of one over the other.
OTHER APPARATUS USED.
Wheeler Condenser. 75 H.P. capacity. 225 sq.
ft. of surface. 6" - 8" - 8" - 7" combined air and
circulating pumps.
Crosby Outside Spring Indicator.
Prony Brake. Arm - 5.25 ft.
4


3,
Crosby High Pressure Steam Gage. - GOO IbB.
Crosby Combination Low Pressure Gage.
Throttling Calorimeter
Thermometer. 400 P.
Thermometer. 150 P.
Barometer.
Speed Indicator.
Platform Scales
•
Tanks for ^^eighing water.
METHOD OP CONDUCTING TEST.
In conducting these tests, in order that the range
of conditions would be those of common practice, pressures of
100, 115, 130, 140, and 150# per sq. in. were used. To cover
the varying conditions under each pressure, six tests were
made with the following loads:- No load, l/4, l/2, 3/4, Full
and 1-1/4. The tests were usually of about an hour and a
half duration and from the results a set of data covering an
hour's run was selected for final computations.
The exhaust from the engine was carried to a con-
denser and by means of a valve on the condenser, which opened
to the atmosphere, the back pressure at the engine was kept
in the neighborhood of one or two lbs., which is approximately
the conditions of an engine running non-condensing and exhaust-
ing into the atmosphere through a suitable size exhaust pipe.
The condensed steam, as it was withdrawn frona the condenser
by the piimp, was collected in tanks and carefully weighed.
All readings were taken at five minute Intervals and from
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instruments which had been calibrated with standards. The
following readings were taken:
-
Indicator cards
.
Rev, per min.
Wt. on scales,
Stesun pressure at throttle.
Steam pressure at exhaust.
Calorimeter temperature,
Wt, of condensed steam. (10 min, intervals).
Barometer reading )
) at beginning of each test.
Room temperature )
The load was kept constant by altering the tension
in the prony brake band, and one person gave his whole atten-
tion to this during the tests.
The calorimeter was connected to the steam line just
above the point where the steam entered the cylinder. Thus
the condition of steam upon entering the engine was obtained.
See cut page^o.. The reducing mechanism for obtaining the
indicator cards is shown in cut of the engine on page -So-
The steam pressure was kept approximately constant by throttling
the pressure as it came from the main line into the header.
This point of throttling was about ten feet from the engine
cylinder.
The pull on the brake was measured on a pair of
scales, allowance being made for the dead weight of the brake
by subtracting the weight supported by the scales when the
brake band was hung on a bar placed on the rim of the fly
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wheel, vertically above the center, with the arm resting on
the standard on the scales^ in the regular operating position.
Before beginning test the "D" valve was taken off
and faced and then adjusted so as to give equal work at full
load to both sides of the piston. This setting was kept the
same throughout the series of tests • The governor setting
was also unaltered during the run#
DATA TO BE OBTAINED.
In general the comparison between the reciprocating
engine and turbine is made on a basis of efficiencies, i. e«,
the relation of the heat put into useful work to the heat
furnished the engine. In the case of the reciprocating engine
the data to be obtained for these efficiencies is derived in
the following manner :-
By use of the indicator, diagrams are obtained which
represent the pressure acting in the cylinder at different
stages of the stroke. The area of these diagrEuus being obtained
by a plalnimeter, the mean ordinate is found by dividing the
area of cycle by its length, and this length of mean ordinate
in inches^ multiplied by the scale of the indicator spring,
gives the value of the raeaxi effective pressure during the
stroke. By substituting in the fonmila
I.H.P.:? FLAW
35000
Where F = pressure in lbs. per sq. in. (mean effective
L = length of stroke in feet.
A = area of piston in sq. in.
N = R.P.M.
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The work done in each cycle is derived by adding the work of
"both crank and head end* The work of one revolution is thus
obtained. These readings are taken every five minutes and
the average of the readings gives the average indicated horse
power which has been developed during the given period.
The actual horse power delivered by the engine is
obtained by means of the prony brake. Force through distance
represents work, so if the force exerted by the brake arm is
measured, and also the distance through which it acts, the
total work done can be. derived • This force is measured in lbs.
on the scales which carry the support of the brake arm. The
distance through which this force acts can be calculated by
knowing the length of the brake arm and the revolutions per
minute of the fly wheel.
Substituting in the following formula
B.H.P. = 9rTRWN
53000
Where R = radius of brake arm in ft.
W = net weight on scales.
N = R.P.M.
the rate of doing work is obtained. These readings were taken
every five minutes and their average gives the average brake
horse power developed by engine during a given period.
The exhaust steam passing to the condenser is drawn
into tanks and the amount of water weighed every ten minutes.
The total weight of water for an hours run is thus found, and
dividing this weight by the horse power developed, the steam
consumption per horse power hour is obtained.
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The quality of steam entering the cylinder is cal-
culated by use of the formula
Xg = Hi-qg-f,48(T^-Ti)
Where Xg = quality of the steam
H-j- = total heat in a lb, of steam at T-j^.
qg = heat of liquid in a lb. of sitjara at
steam line pressure.
Lg = latent heat in a lb» of steam at steam
line pressure.
.48 = spec, heat of superheated steam.
1^ = Temp, of steam in calorimeter.
T^ = Temp, of steam at atmospheric pressure,
(Tg-T],) = Degree of superheat.
The quality of steam at exhaust cannot be actually
derived, but approximate results may be obtained by the use
of indicator diagrams and the actual steam flow.
Let y^ = Clearance of engine.
V = Volume swept through by piston in cu, ft.
p = Absolute pressure at exhaust.
c = Spec. wt. of steam at exhaust pressure
per cu. ft.
z^c = Lenf^th of stroke at exhaust
Total length of stroke.
V(yfc-»-2^) = Total volume of cylinder at exhaust*
Then
2 V(y^-f-z^) X c X RPM = Wt. of dry steam passing through
cylinder per min. considering the
space taken up by moisture as
negligable.
Wt. dry steam x 60 = f quality of steam at exhaust.
Wt. steam flow per hr.
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As a reault of several calculations at different
loade and presBuree, the following average values were used
throughout all calculatione:-
(1-lA)
X„ = 66^ for (full )loads.
^ ( 5/4 )
= 63^ for 1/2 load.
= 60^ for (1/4) _ ^
(No ) loa^B.
With the above data at hand the following baeie of
efflcienciee are used:-
Mechanical Eff . = B« H>P«
I.H.P.
which iG the ratio of the v-crk done in the cylinder to work
done by the engine.
Thermal Eff. = g54r-BTU
W(q^+X^Li)
W = lbs. per B.H.F. hr.
(q-t-XL) = heat per lb. steam at gage preseure,
which iB the relation of the heat developed in the form of
work to the heat supplied to the engine*
Thermodynamic Eff. = 2545 E.T.U.
W = lbs. per I.H.P. hr.
(q^+X^L^) = heat per lb. Bteaoi gage presBure.
= heat per lb. steam exhaust pressure,
which gives the ratio of the heat developed in the form of
work in the cylinder to the heat consiiined in the cylinder.
Potential Eff. = 2545 E.T.U.
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71 = lbs, per B.H.F, hr.
(q^-V-X^Lj^) = heat per lb. steam gage preeBure.
(q^-hX^Lg) = heat per lb» eteain exhaust proKsure.
which is the ratio of the heat developed in the form of work
to heat consumed in the cylinder.
SAMPLE CALCULATIONS.
Sample calculations follow of reading No. 1 of test
No. 5 at 130 lbs. presBure, but in figuring the thermal >
thermodynamic and potential efficiencies the average readingB
of the TThole test are taken. In obtaining the water rate
per I.H.F. hr. and psr B.H.F. hr. the average of the I.H.P.
and B.H.P. results and the total eteam coneumption vrill be
the basie of calculations.
We have
B.H.P. = gTTRNP = gJTB
_
X NP
55000 33000
in which R it? the length of the prony brake arm, in thie case
5*5". N is the R.P.M. of engine and P is the pull in poimds
exerted by the brake arm. It will be eeen that N and P are
variable, and, the other terms being constant, we have
^•H.P. = 2 X 3.14 X 5.25 , «p - qoI NP55000 X HF - .UUl F
The governor having been eet for 300 R.P.M., the weigtit P on
scales for different loads is as follows :-
1/4 load P = 15 = 50 lbs.
.001 X 500
l/e load P = 30 = 100 IbB.
.001 X 500
3/4 load P = 45 = 150 lbs.
.001 X 500

10
s/4 load P = 45 = 150 lbs.
.001 X 300
1 lead F =
_
60 = 200 Ibe
.
1-1/4 load P =
_
.001 z SOO
75
.001 X 300 = 250 lbs.
The engine conBtant for the I.E.P. is fo\;nd ae
followe:-
Head end:
I.H.P. - PLAN = PN X C.
35000
P = M.E.P.
N = R.P.M.
L = Length of Btroke in feet.
A = Area of cylinder in bo. inches.
I.H.P. = PN z 10 X 3.14 X 19^ = .001983 PN.
"T2 X 4 X 330C0
Crank end:
I.H.P, = FLAN
33000
In which A = area cylinder in ec. in. - area of
piston red
.
= JD£ d = 1-9/16" = 1.56".
4 4
I.H.P. = PN X 10 X 3.14(10^-1.56^) = .001934 PN.
12 X 4 X 4 X 33000
The folloring method v/ae ueed to obtain the M.E.P.
Taking card ^4-, on 150# pressure, page
,
the area of each
diagram was found by meane of a planimetei*. In the case of
head end:-
Area = 1.35 sq. in.
Length of Diagram = 3.52".
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Mean Ord. = 1.56
-p 3.62 - •?>S5 in.
Scale of Bpring = 120.6 lbs.
•585 X 120.6 = .46.45 Ibe. per eq. in. or M.E.P.
Reading #1, test #5, 1S0# pressure;
B.n.P. = .001 X 298 X 200 - 69.6.
Head end
:
I.H.P. = .001934 X 56.9 x 298 = 33.65.
Crank end:
I.H.P. = .001954 X 54.9 x 298 = 31.62.
Efficiencies:-
Mech. Eff . - B.H.P. = 59.6 = 91.5^.
I.H.P. 65.27
The thermal efficiency ±e the ratio of the heat
equivalent of the work developed to the heat Btipplied to the
engine
,
Thermal Eff. = 2545
W(q^i-x^L7T
Where W = eteam coneumption per E.E.P. hr.
q = heat of liquid
.
s = quality of steam.
L = latent heat of Gtesjn.
In the test under consideration the atmospheric
pressure = 130.7 -t- 14.42 = 145.1 or P. Prom Pea"body*B
eteam tables at this pressure
q = 527.3
L = 863
Then thermal eff. = 2545
41.4(527.5
-f- .9952 x 865)

18.
= 4.75^.
The theiTiodynamic efficiency ie the ratio of the
heat equivalent of the work developed in the cylinder to the
heat consTjiined in the cylinder.
Thermodynsjidc eff. = 2546
In which V' = eteam oonBumption per I.H.P. hr.
Subscripte 1 and 2 refer to enter-
ing and leaving ccnditione*
Thermodynamic Eff. = 2545
45.23(527.3 -h .9952^*^ 18.2f5
- .fi6 X 964.9)
= 16.88^.
The potential efficiency ie the ratio of the heat
developed in the form of work to the amount of heat consumed
in the cylinder.
Potential Eff. = 2545
_
^^^1^ Vi - % 'w
Y? = steam conBumption per B.H.F. hr.
TubBcriptB 1 and 2 refer to enter-
ing and leaving conditione.
= 2545
41 .4(327.3+. 9952 x 863-182^.5
-.06 X 964.9)
= 15.41^5.
Water rates:
Steam consumption per I.H.P. hr. = total wt. of cteam ueed per
hr.
I.E.P'.hr.
Steam consumption per B.H.P. hr. = total nt. of eteam ueed per
hr.
B.H.P.hr,
V
15.
The quality cf eteam entering the cylinder wae
obtained from Peabody^s steam tables, knowing the aboclute
pressure and the superheat. These tables were derived from
the equatiPH given on page J.
The quality of steam in the exhaust was obtained
by use of the indicator diagrams. See Fig. 4- Page i4- b.
Head end?
S'ro = 70.5^ of vol. release.
.455 X 70.5 = ou. ft.
.?21 .036 = .357 cu. ft.
Aver. R.P.t'.
.357 X .1297 X 297 x 60 = 818 lbs.
.4Erj cu. ft. = vol. swept through by piston.
455 X 8^ = .036 cu. ft. clearance.
55# = al). preoB. at exhaust.
From tables spec.density = .1297.
Crank end:
g*gg = 69.5^> of vol.
.455 X 69.5 = .316.
.352 X .1186 X .294 x 60 = 736 lbs.
50# = ab. presBtae at exhaust.
.1186 = density.
Total steam per hr. = 736 818 = 1554 Ibe.
Actual steam per hr. by
weight = 2350.
1554 = 66^ quality of eteam at exhaust.
2350
>v
14.
SAMPLE INDICATOR CARDS.
The following cards are typical of the teete run,
one card "being taken for each load. See page \^<i-. '^t*-
It will be noticed that as the load increaees the
back pressure in the cylinder Increaeee. This ie due to the
additional amount of steam used, which rauet leave the cylinder
through the Bame valve, and in the same length of time as at
light load. This back pressure, while not excessiusc?, tends
to reduce the work done and the remedy would be larger
exhaust ports. This back presBure is also caused by defective
design in the case of inlet and outlet pipes, both of which
are the same size.

Figure 1.
Figure 2.
% Lodd 130* Pressure.
Figure 3,
i
Figure 4.
Fu/; Load. i J"©*Pre ssoee.
Figure 5,
I'k Load 140* Prt
Figure 6.

15.
COKCLUSIONS.
a. Steam constunption.
The steam consiJiiEptiori of the turbine is at all
loads less thaii that of the engine, although at 3/4 and full
loads the difference is much lees, and were the curvee to be
extended further, the indications are that at 1-1/4 load the
consumption would be approximately the same. The varying
preBBures do not seem to make much difference in the consum-
ption of the turbine. The engine uses the least steam at
115 lbs. pressure and increases above that point. This is
possibly due to the leakage in the steam cheat which would
naturally increase with an increase of pressure. The turbine
rate is relatively less at the Iot; loads.
b. Thermal Efficiency.
The thermal efficiency of the turbine is approximate-
ly the same at all pressures when 3/4 load is being carried.
Below this load the lov^er pressures show to advantage and
above this load the high preseuree give best efficiencies.
The maximum efficiency comes at 150# pressure and full load.
In the case of the engine the same results are
obtained except that the turbine efficiency is higher. The
difference is more noticeable at low IobjAb and at full load
and load and a quarter the efficiencies are nearly the same,
the turbine average, however, is higher.
c. Potential efficiencies.
Again in both the engine and turbine the low
pressures show to better advantage than the high pressures

16.
when the load is below 3/4s, but above this point the conditione
are reversed. In the case of the engine all are about
equal at 60 H.P. The potential efficiency IncreaBes with the
load more rapidly in the caee of the turbine and thie curve
ie above that of the engine at all timee.
The above results would indicate that for a prime
mover carrying a varying load the turbine would be much more
efficient, but where the load was constantly full, or above, the
difference would be very slight.
Note:-
The data for the turbine performance was taken
from the thesis of J, P. Weiss and H,E. Cristy 1909.
"Comparative Efficiencies of High Speed Steam Engines
and Steam Turbines in Small Units,"
t; I fi
'.
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